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Normal values for the individual bile acids of serum and examples of clinical applications of the method are given. Several procedures have been described for determining individual bile acids in biological fluids, including column and paper chromatography (Rudman and Kendall, 1957; Sjovall, 1959; Wootton and Osborn, 1960) , thin-layer chromatography (Kottke, Wollenweber, and Owen, 1966) and gas-liquid chromatography. Despite the refinement of gas-chromatography analysis for the estimation of free bile acids (Sandberg, Sj6vall, Sjovall, and Turner, 1965; Roovers, Evrard, and Vanderhaeghe, 1968 ) the measurement of individual conjugated bile acids by this method requires preliminary separation of glycine and taurine conjugates and of free bile acids, followed byhydrolysis ofthe conjugates.
Requiring data on conjugated as well as free bile acids in large numbers of samples, we have developed a method using thin-layer chromatography and fluorimetry. Unlike ultraviolet spectrophotometry, fluorimetry provides a method for determining lithocholic acid; it is also of great sensitivity.
Thin-layer chromatography has been found to provide satisfactory resolution of the major conjugated and free bile acids for quantitation. gives a high fluorescent blank. It is treated by allowing it to stand overnight in 20N sulphuric acid, then washing on a sintered glass funnel with distilled water to neutrality (Sandberg et al, 1965) . The silicic acid is dried in an oven at 120'C for 24 hours and then passed through a nylon sieve of 01 mm mesh size. It The second solvent consists of 2, 2, 4-trimethyl pentane/di-isopropyl ether/acetic acid/iso-propanol, 2: 1: 1:1 by volume (Gregg, 1966) . De- Determination of individual bile acids in biologicalfluids by thin-layer chromatography andfluorimetry separations were obtained by descending chromatography. Free bile acids and glycine conjugates are well separated, with complete resolution of deoxycholic and chenodeoxycholic acids, but taurine conjugates, which have a relatively low Rf, are not well separated (Fig. 1) .
After air-drying, the plate is exposed for five minutes to iodine vapour and then viewed under ultraviolet light (350 mpu). This affords an extremely sensitive method for detecting several classes of organic substance (Milborrow, 1965) , possibly dependent on the strong absorption of ultraviolet light by iodine reversibly bound to the spots. The free bile acids and glycochenodeoxycholic acid spots are marked, and corresponding areas are outlined in the blank lane.
After the iodine has completely sublimed, the third chromatographic system is used to separate the taurine conjugates. Each lane is 'wedged' (see Fig. 2 ) at the origin; this enhances the separation. A short ascending run is carried out with the system propionic acid/iso-amyl acetate/water/n-propanol, 3:4:1:2 by volume (Hofmann, 1961) . Development is stopped when the solvent front has reached a point 2 cm below the glycochenodeoxycholic acid spots. Taurine conjugates and glycocholic acid are then located as before.
QUANTITATION
Sample, standard, and blank spots are scraped into 130 x 17 mm glass-stoppered tubes. To each is added 2 ml concentrated sulphuric acid (Analytical Reagent, BDH Ltd) for analysis of serum, 4 ml for intestinal contents. The silica is thoroughly dispersed, using a vortex mixer, and the stoppered tubes are heated at 60°C for one hour in a water bath withut further mixing. They are then centrifuged at 3,000 rpm for 30 minutes at 4°C; at this temperature the fluorescence is stable for at least 24 hours. Fluorimetry is carried out in a spectrophotofluorimeter (Aminco-Bowman), using a xenon arc. Peak excitation was found to be at 470 m,u and the fluorescence peak was at 490 m,u. Excitation has also been carried out at lower wavelengths with limited loss of sensitivity, eg, using the 436 m,u mercury line. The Locarte LFM/5 fluorimeter has also been found satisfactory; a zinc lamp is used, with an LF 11 primary filter. The fluorescent band is selected by an LF 7 filter, and a monochromator setting of 525 mju was found optimal in our instrument. One millilitre of sulphuric acid is then used for both serum and intestinal content.
SERUM BILE ACIDS
A bile acid fraction is isolated from 2 to 10 ml samples of serum, essentially by the procedure of Sandberg et al (1965) . The resin is slurried in 0-2 M ammonium carbonate and added to a 10 mm ID chromatography column to a height of 10 cm. It is washed successively with 500 ml volumes of IN aqueous sodium hydroxide, of IN sodium hydroxide in 80% ethanol, and of water until the wash is neutral. The sample of serum (2-10 ml depending on the expected bile acid concentration) is diluted 1:1 with water and the pH adjusted to 11 with IN NaOH. The column is eluted with 20 ml 95 % ethanol, 40 ml ethylene chloride-ethanol mixture (1:1 v/v), and 20 ml 80% ethanol which are discarded. The anionic fraction is then eluted with 150 ml 0-2 M ammonium carbonate in 80 % ethanol and this is taken to dryness in a rotary evaporator. Bile acids are transferred by means of several washes of n-butanol to a pear-shaped 10 ml flask, and the solvent is again removed on the rotary evaporator. The residue is dissolved in 100-400 ul n-butanol and an aliquot of 50 1tl is taken for thin-layer chromatography.
Samples of aspirate from the small intestine obtained from fasting subjects, or bile, are applied directly to the plate in amounts of 10 lI.
Results
By sequential use of three chromatographic solvents satisfactory separations of taurocholic, taurolithocholic, glycocholic, glycolithocholic, cholic, deoxycholic, chenodeoxycholic, and lithocholic acids are obtained (Fig. 2) (Table I) was 94 %, ranging from 90 to 98% for individual bile acids. Recovery of bile acids added to serum and carried through the entire analytical procedure is shown in Table II ; the mean was 82 %.
The precision of the estimation was examination by conducting duplicate analysis of all the constituent bile acids of eight sera. The levels found varied from below 1 u-mole/l to over 50 /LM and the 40 pairs of results have therefore been divided into three groups: (1) To test the specificity of the procedure, six duplicate specimens of serum were analysed for bile acids by the method of Iwata and Yamasaki (1964) which depends on oxidation of bile acids by the enzyme fl-hydroxysteroid dehydrogenase.
The findings are compared in Table III with those obtained by the present method; there is reasonable agreement at higher bile acid concentrations, and the discrepancies at lower concentrations may be explicable on the lesser sensitivity of the enzymatic procedure as compared with fluorimetery.
To determine the lower limit of sensitivity of the method, the mean and standard deviation of the blank reading were calculated for 14 thinlayer plates. The standard deviation did not exceed 25% of the mean blank. Bile acid fluorescence which does not exceed 50% of the blank fluorescence on the same plate is therefore regarded as insignificant. When using a plasma sample of 10 ml and dissolving the bile acid fraction in 100 ,ul n-butanol the lower limits of sensitivity are: taurocholic acid 0-12 ,t-mole/l, taurochenodeoxycholic acid 0-12 ,u-mole/l, glycocholic acid 0-28 ,u-mole/l, glycochenodeoxycholic acid 0-27 ,u-mole/l, cholic acid 0-31 ,t-mole/l, chenodeoxycholic acid 0-19 ,u-mole/l, deoxycholic acid 0-14 ,u-mole/l, and lithocholic acid 0-36 ,i-mole/l. (1965) and Roovers et al (1968) , who used gasliquid chromatography (Table V) .
Determination of individual bile acids in biological fluids by thin-layer chromatography andfluorimetry (Tabaqchali, Hatzioannou, and Booth, 1968 Serial bile acid measurements were carried out in patient 1 (Fig. 3) . Patient 3 had primary biliary cirrhosis, and patient 4 had intrahepatic cholestasis associated with ulcerative colitis. A striking finding in patients 3 and 4 was the decrease in the glycine/taurine ratio in serum bile acids. Patients 5 and 6 had extrahepatic obstructive jaundice due to carcinoma of the head of the pancreas, and patient 7 had alcoholic cirrhosis. (Panveliwalla, 1968 ).
Discussion
The procedure described has been in use in this laboratory for two years; the accuracy appears to be good, and the precision is adequate. The sensitivity is such as to permit the determination even of subnormal concentrations. In samples of 10 ml normal serum, only glycocholic, glycochenodeoxycholate, taurocholic, and taurochenodeoxycholate were detected, confirming the results of Sandberg et al (1965) . In serum from jaundiced patients, not only may abnormal patterns of conjugates be shown, but free acids may be detected in measurable amounts.
By permitting the individual measurement of the conjugated and free bile acids of serum, the present relatively simple method may extend the value of bile acid studies in the investigation of hepatobiliary and intestinal disease.
